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Expanded polytetrafluorocthjleiie (dETFE) is used as an artificial doia mater but is ofteo associated 
with cerckospioal fluid (CSF) leakage afte dcull base siugedes, because ePTFE does not adhere 
well to Abrm ^Nk toid tissue. The sui^ice of ePTFE was modified wMi ioa beam vradMon to 
improve this criticaa pnopexfy, and die effects of its IsoconjpatiWily. wen invesSgated. ePTFE 
^eets were iR»fiated witti He*, Ne* Ar+ and Kr* ions w(*h fluenc3es txlO", 5x10" and 1x1 
ions/cm^ at an esiergy of ISOkeV. Ion beam inadladon induced ca. 5 lo 20 nm ^ps and spines on 
the sur&ce of fte cFTFE. A &ual defect that ivas snrsically created in a rjQabit skull was patched 
with ion beam irradiated ePTFE. CSF leakage was obs«ved.in the rabbit coveted with 
m-iTiadiatcd ePTFE, however, CSF leakage did not occur in all rabbits covered with ion beam 
inadtated ePTFE that alhcred to sunoooding tissues- A histologk^I study indicated fiiat 
fibroblasc-like cells iovaded and anchored into liie of flie ion beam ina&ated dPTFE. Iti vitro 
taisile strengtb and burst tests verified tiiat the adhesiveness of fibrin gloe to ePTFE was 
zmadal^ enhaooesd b]r ion beam iiradiatkn in sealing e£fee^ 
Key woids: iCSF, Biocoo^bility. Aiiiinal study 



l.INTRODUCnON 
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cover dmaf defects but is 1 



used Sa a long time to 
sown as a fnasmsKibte 
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polytetmfluofogthylenc (eFH^) sheet has beeo widely 
used [3]. ePTFE is a Stable pajytter. widely used as a. 
. ptwlhesis because of hs chemical niertness {4^. 
Bowever, ePTFE as an tttifi^isl duni maner is often 
associated tiiih postoperative leakage of the 
cerebrospinal fluid (COT) due tq its va^y tew 
adhesiveness to fibrin ^ue and summnduig tissue^ 

Recently we reported (hat Ion beam madiatioa o 

be used for svsface tnodificadon of pd^^ecs to improve 
biocompatib!!ity[?-12]. 



The authors examlaod tiM best ioa species and 
ittadiation condhion tn order to ittiprove the 
sbbtteomingg of ePTFEas an aitifidal dtira inater. 

^ MATCMAI^ AND MBIMODS 
2.1 Ion beam inadi aaon 

Thesurfeces of ePTFE sheets CDM-0300; L. <3oie 
and Associates. Umted States) were inadiated wiA 
ISOkeV- He', Ne% Ar* and Kr*- ions wi^i flucnocs of 
IxlO". 5x10" apd IxIO" iomfcm^. The beam ca«e« 
density was lower flian O.l tiA/cm*, Suifkce and 
CtOSS-sectional smfaces of ^TFE were examined with 
scaimiog elecoon microscopy dSEK JSM6330P, JEOL» 
Japan). To obtain *e aossscctions of ioa bem 
iira^ated hiyers, dflVE was soaked M«tb cftanol and 



yfttna was cctistsntly 
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]i]id nitrogen- 

2.2 Ih vfv<7 animal sUx^ 

Small dural defaas 'wifll a dianMster of about I to 2 
mm 'were created in a cabbtt's skull and patdied d^tex 
with an iM-inadiated or an ion beam irradiated cPIFE. 
Im^antBd ePTFE sheds were fixetl on duca. maier and 
sunouiKHag tissue with fibrin ^ue (BOLHfiAL; 
EAKKTSOKEN, Japan) without suturo. 

Hie animals were then killed at the time one ^eek or 
One montii after impUntatioa. CSF leakage and 
interaction betweea the specimen and smrouwiing 
tissue were observed maooscoptcally, aod the ePTFE 
Was surgically removed en bloc for hlstole^cal 
eaaminatioa The tissue was fixed in a 10% fbnnalta 
soluuon, decalcified wttb focmic add^ Stained With 
faemaloxylinand eosin. 

2.3 Fibrin glue adi»eston test 

TlK adhesiveness of fibrin gluc to ion beam irradiated 
eFTFE was examined by weflsurin§ tensile stieugfli (Fig. 
1) and burst pressure QFig. 2) after ion Ijeam irradiated 
surfaces of ePTFE ^eds wers glued together. la tbe 
tensile sti<ngtfa test, onft of the glvcd sheds of ioa beam 
irmdiated. ePTFE was fixed and another sheet Was ecnSy 
pulled at a speed of 2]pni^in °witii they exfoliated fiotn 



each other- Pulling fiTFce was measured with a strain 
gauge. In the buret pressure test, the top oflhc water cell • 
considered as skuU was flist covered by the ion beam 
irradiaieri ePTFE that had a small hole wilt a diameter 
of 8 mnv. This small hole was then coveied and glued by 
another ion beam irradiated ePTEE sheet witha diam^ 
of 13 vam. The gentle injection of colored salme into the 
water celt until Uje point of leakage ^isas performed as 
the burst pressure was auMbtwiedL 

3. RESULTS 

3.1 SSM studies of ion beam ina.diaiOd tPTPE 

Ua-inadiated cPIFE has a micropoTOiB Structure 
consisting of nodes and fibrils Of FIFE (Fig. 3A). Many 
ct«;ks wens created on the sur&ce of ePTFE by all of 
the ion beam, ittadiation with a fluence of IxlO*^ 
ions/cn^ as not in fig.. The depth of the cracks increased 
with the incrcaMng mass of ions. The nuHifacr of cracks 
also iocreascd add ciacks became wider and deeper with 
Increasing itradiariott fluaace in every kind of ion beam 
inradiation. l^e* (IxIO'* tons/cm*), Ar* (5x10" and 
Ixio'^ ions/cm*) and Kr* (IxlO", 5xl0" aad IrfO" 
ioos/cm^ ) ion beam ioadiated ePTFB surfaces exhibited 
munerous spine; pecpendicalar to (he sior&ce rather tban 
Cradte CFiBS. 3 C, Di wMe Be* inadiated ePTFE 
9 with fhienees of IxlO'*, 5xl0" and IxlO" 




Fig. 3: Scaasing efectron micrograntas of tbe $itr&cc of Ion beam irradiated dPTIE 

A: Urt-ioadiatcil ePrPfi saefice B: Be^ lxlO« ions/'oii* Undlated dPME surfmce Cs Kr*. IxIO" iaat/ettf MwSated rfTJE 
smtaa D: Cras»«etloiid jiholosapft, Ki', Mti" iMha? btaX^eBTFE 
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icKis/cm^only created cracks (Fig. 36\ 

^J2 In vrw Ooinal study 

£}uring implantation surgery, Jon t 
eTTFE sheets were instantly fixed on dura mafer with 
fitirin glue and were v»»ieitight At one weak and one 
montiK after implantation, CSF leakage was observed in 
the rabbit with tfie doial defect patched using 
un-irratfiated ePTFE. 



leakaige in any rabbits patched with ion beam firadiated 
cPTFE. 

In the histological study, cross-sections of implanted 
ePTPE and suiiounding tissue ivwe observed- One week 
after iraplantaiion. tibrin jgluc continued to adhere to the 
ton. beam jiradiated surfaee of cPTEE. However fibrin 
g^ue did not adhere to *e im-iiradiated sui&cc of 
cPTFie. One monft after itxip 
nqi obsovcd on cither die n 




Fig. 4: Histology «f implaated nttn-irradl&tcd 
and ion beam irradiated ePTFB for one 
moiitli after impIantftttAa 

A: Un-trradlatBd ePTtE, Kr*. ions/cm» 
irradiated ePTFE. C; Kr*, 1x10" ioosW. highly 
magmfied 




flefi'. Tensile sfrength rig.& Burst ^rtesax* 

Ermr bus indicate mfannnim and nucdhmoi finnr ban indicate miidmniu mi 
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ePXFE. There was a tefgeneraied tlun tnembnme 
between the implanted e^TFE and the brain. In labbits 
patched with inv-ltiadiatcd ePTFE, there was space 
around the cPTFE. However ta rabbits patched with ion 
beam inadiated ePTFE, tsptaaity that iirMiiated with 
At* and Kr% a je^sjisialeil thin membtane that finnly 
adhered to ion beam inadiateii sorfitces was observed 
(Pig. 4B), and fibroblast-Iike celts invaded and anchored 
into tbe gaps betwcasn spines (Fig. 4C), The Ar* or Kr* 
wttb 5x10'* and ixio" ioos/cm^ 'nradiaied ePTFE 
«ihibiced exceilent healing of the dum) delect 

3.3 Fibrin glue adbewn test 

Jlta results of fibrio ^ue teosUe stteogtli and bofSt 
prt»sure te^tt ate shovm in rigs. 5 and 6. The measured 
presstires vm widely distributed in botl) tensile shisngth 
and butst pressure. This scatter was caused by 
noh-unifofin manual plication of fibrm gluei Each 
maidmum value was tiiou^t to be the best condition of 
fibrin elue application to test specimens. 

Both tensile stnsngdi and butst pwssuio were 
remarkably enhanced by ion beam inadislion. In liie 
tensile lest, four different i<Mis inadiated onto ePTFE at 
IxlO** ions/cm^ ejdiibiled tbe highest values, 5x10'* 
ions/cm^ irradiated ePTFE was second, and Jlie Ixio" 
Snadialed eFTFE had the lowest unaximuin value. Tbe 
tensile strength of Ar* and Kr* ion beam irradiated 
specimens decreased remaijKabUy as the fluencc 
increased in comparison with Hs* and Ke* ion-heaoi 
iiradiatton. 

In the burst tes»i, the buist pressure of ion beam 
irradiated etTPE tended to decrease as flxjonce incteased 
excerpt fcH" Ke% and Ar^ ion beam tnadia£on. Tiie burst 
pressure of Ne* ion bearo uradiated ePTFE possessed 
miniOTUOT value at SilO^lonstoni' and Ar*^ ion b^m 
inadiated efTFE possessed maxlmuin value at SxlO-** 

4. DISCUSSION 

Ik Vive aaiojal studies demonstrated that fibrin glue 
adhered to ion beam irradiated ePTJFE and Aai CSF 
leakage was prevented during surgety and post SUrgeiy. 
The histological study also iiHlicaled that fibrin giuo and 
reeeaeiated fiiin membrane adhered to the ioa beam 
imdialed sw&Cft of i^TPE. Fibroblast^ika cells 
utv^ed and atichoted into ft« gap in tb» eFTFE smfioe 
created by ioa beast ioadiation. 

Results indicated th atHhti n ^ue adhesion to ion beam 
inadiated siliifiices of ePITE pcevenfcd the eaily stage of 
CSF leakage. One month after impIanMjon, fibrin ^ue 
was replaoed by the rc^enented (bin membnne or 
mnnunding coiineetiw tissue and the fibroblast-Jike 
eells adhei«d to ePTPa vvfaich prewnied laiegr CSF 

tbs ia >ntro libtia glue adhesi on KSt also indicaied 
that fibcin glue adhesion to errRS swfeces was 
enhanced by ioa beam ifradlation. 

Fibrin ^ mtiltrated and aochnred into the gap 
created by die ion beam inadiatiotv and tensile sticagdi 
decreased withinc rawiii gamMtotionawaioc^ 
vcitkaL to the ePTFE surftces became hig-ber aod 
tEuDoer whh incfeaslng ion fiuenoe, and the direction of 
fte tension wa« paiaUel fa> the ePTFE sur&ee. This 
indicated that the tensile sUengthoTioii beam undiated 



cfTfE decreased when ion floencc excessively 
increased. 

TTie max imum buisc pressure of each ion beam 
itradiatfid ePTFE did not ctoge linearly wiA ion 
. fluence. Sor&ce morphology was diangod diamalicaUyj 
and there was cntical ion" Sueooe in the formation of 
at£ks and spines. Thb demonstrates tiiat flw shape of 
spines is closely associated wiA butst pressure. Spines 
were induced by Ne* beam irradiation over a fiueoce of 
UiO'* ions/cna2 , Ar* beam inadiafion over a fluence of 
Sxio'" jon5/'an2 and Kr* beam ioadiation over a flvcncc 
of 5x10''* ionstcap-. To explain VatSA effects in more 
detail, iuttber studicis are ^equlnsd. 

5. CONCLUSIONS 

Ion beam itradjatad ePTFE is a pnusismg appioach 
fix developfaig artificial dura imccr. lis great 
adhesiveness to fibrin glue and tissue would reduce the 
risks of CSF leakage, and it can be fixed securely to 
appropriae sucroundiag tissue by ii«ng ion^beam 
technology. It lis therefore vety Uke|y that 
ion-beanwirwJiato} eTTFE will be applicable for 
ciinicaiuse. 
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